Summary. The uptake of horseradish peroxidase tracer injected into the uterine lumen of the cow was studied during the period of conceptus attachment (Days 18\p=n-\21;Day 0 = oestrus) and also in cyclic animals. Endocytosis occurred in pregnant and non-pregnant cows but was especially marked when circulating progesterone concentrations were high. By 20 min after injection, the tracer was located in apical endocytotic vesicles and in organelles of the lysosomal system. In addition, some of the horseradish peroxidase-containing vesicles were associated with the lateral membranes of the cells and the tracer was also present in the intercellular spaces and beneath the basal membrane, especially in pregnant animals by the time of conceptus attachment. There was no evidence that pinopod-like functions could be attributed to large cytoplasmic protrusions from endometrial cells. Rather, the protrusions seemed to be involved in secretory processes. The presence of clear vesicles among the endocytotic vesicles suggested a coupled secretory\p=n-\endocytoticactivity of the cells, the significance of which remains to be determined.
Introduction
The cellular relationships that are established between the trophoblast and the luminal uterine epithelium play an important role during conceptus attachment (Enders, 1976) and have been the subject of several reports for the cow (Leiser, 1975;  King, Atkinson & Robertson, 1980; Wathes & Wooding, 1980) . In a previous study, scanning electron microscopy was used to investigate changes of the luminal surface of the uterine cells during both the luteal phase of the oestrous cycle and early gestation (Guillomot & Guay, 1982) . The uterine eipthelial cells were shown to possess domeshaped cytoplasmic protrusions which were similar to the structures previously described for ani¬ mals of several other species (rat: Psychoyos & Mandón, 1971; mouse: Bergström & Nillson, 1973; man: Ferenczy, Richart, Agate, Purkerson & Dempsey, 1972; rabbit: Motta & Andrews, 1976 ).
However, there was no indication whether those structures were involved in secretory, endocytotic, or other functions. Ectoplasmic protrusions of the uterine cells of rats and mice have been shown to be involved in the reabsorption of uterine fluid, and have been termed 'pinopods' (Enders & Nelson, 1973; Parr & Parr, 1974 . The endocytotic activity of the uterine epithelium seems important during implantation of the blastocyst in laboratory species (for a review see Parr, 1980a) . We have therefore studied analogous processes in the cow. A brief account of parts of this work has been presented elsewhere (Guillomot & Betteridge, 1983 (Betteridge & Mitchell, 1974) . The lumen of each uterine horn was occluded as near as possible to its base. Occlusion was achieved by a Foley catheter (No. 16 French-gauge which had been made solid by filling its lumen with silicone rubber). The catheter was inserted through a punc¬ ture made in the uterine wall with closed artery forceps, and its balloon cuff was inflated with 12 ml saline.
Intraluminal injections were made on the ovarian side of these occlusions by means of a blunted 18-gauge needle introduced through the uterine wall. Horseradish peroxidase (5 ml of a 30mg/ml solution: Type II, Sigma Chemical Co., St Louis, MO, U.S.A.) was injected into the horn ipsilateral to the corpus luteum, and, with two exceptions, 5 ml of the control saline vehicle solution were injected into the contralateral horn. In one cyclic cow at Day 20, and in a pregnant cow at Day 22, the horseradish peroxidase solution was injected into both uterine horns. After 20 min the blood vessels to the uterus and ovaries were abruptly clamped and the genital tract was excised as rapidly as possible (within 1 min of clamping). Graham & Karnovsky (1966) .
Small pieces (1 mm3) from both uterine horns were incubated for 1 h at room temperature in dark¬ ness in a fresh solution of 0-5 mg diaminobenzidine/ml (Sigma) plus H202 in 005 M-Tris-HCl buffer, pH 7-6. Control tissues were incubated in the same solution without H202. After three successive 10-min washes in the sodium cacodylate buffer, the pieces were post-fixed in 1% Os04 solution for 1 h at room temperature, then dehydrated in ethanol and embedded in Epon. Five to 10 samples from each uterine horn were analysed. Ultrathin sections were examined with a Philips EM201 electron microscope, before or after light counterstaining with lead citrate.
Results
Embryos were recovered from 7 of the 9 inseminated animals of Group 1 and only these animals were considered pregnant. Progesterone concentrations in the peripheral plasma samples on the day of surgery ranged between 3-2 and 12-5 ng/ml. The 2 other animals from this group (1 at Day 22, 1 at Day 2 of the subsequent cycle) were regarded as non-pregnant and added to the 5 noninseminated heifers of Group 2. The progesterone concentrations in the samples taken on the day of surgery in these two inseminated, but not pregnant, heifers were both 0-2 ng/ml, while concen¬ trations in 4 of the 5 non-inseminated heifers were 16-2, 8-5, 1-5 and 7-2 ng/ml for the Day-14, -18, -20 and -21 animals respectively. The progesterone concentration was not determined in the sample from the 5th non-inseminated animal (Day 19) because of an accident.
Endocytosis in the microvillous cells
In all the pregnant and non-pregnant animals, and at all the stages considered, the horseradish peroxidase was ingested by the uterine epithelial cells during the 20-min incubation in vivo. No differences were observed between the horns ipsi-and contralateral to the corpus luteum, or between the caruncular and intercaruncular areas. The horseradish peroxidase activity was particu¬ larly evident within cytoplasmic vesicles located mainly within a 1 µ -deep area below the base of the microvillous border of the cells. The vesicles were of various shapes and sizes, even within the same cell (Fig. 1) . In the largest vesicles (0-3-1 µ in diameter), horseradish peroxidase coated the inner face of their limiting membrane (Fig. 1) . Small vesicles (50-100 nm in diameter) and elon¬ gated or crescent-like tubules (0-1-0-2 µ long) were also filled with horseradish peroxidase, these structures being occasionally associated with the apical plasma membrane (Fig. 2) .
In the control tissues from saline-injected uterine horns, no endogenous peroxidase activity was seen in the epithelial cells (Fig. 3) . The samples incubated with diaminobenzidine in the absence of the H202 never showed a positive reaction for the peroxidase activity.
Clear vesicles (0-5-1 µ in diameter) were frequently observed amongst the endocytotic vesicles. These vesicles never contained the tracer and were mainly located in the apical part of the cell (Fig. 4) .
Endocytosis in the cytoplasmic protrusions
Besides microvillous cells, the epithelium also contained cells with dome-shaped protrusions bulging into the uterine lumen, as reported previously (Guillomot & Guay, 1982) . The apical surfaces of these protrusions were either smooth or covered with short microvilli. Their cytoplasm contained normal organdíes and largely empty vesicles (0-3-1 µ in diameter) which only rarely included tracer (Fig. 5) .
Fate of ingested tracer
Below the apical cytoplasm the horseradish peroxidase tracer was present in multivesicular bodies (Fig. 6 ) and lysosome-like bodies (Fig. 7) . By Day 18 of pregnancy, in 23/45 samples examined, the tracer was also present within the intercellular spaces below the tight junctions which were, themselves, always free of the tracer (Fig. 8) . All the pregnant animals were represented in the 23 samples showing this feature. Small endocytotic vesicles (50-100 nm) were observed close to, or fused with, the lateral membranes of the cells (Fig. 9) . The horseradish peroxidase reaction product was also found beneath the basement membrane in the stroma (Fig. 10) . Although horseradish peroxidase also filled the entire cytoplasm of occasional dead cells within the epithelium, the presence of such dead cells was not associated with peroxidase being found either beneath the basal lamina or within the intercellular spaces between neighbouring cells (Fig. 11) .
In sections of tissues from cyclic animals, the passage of horseradish peroxidase into the intercellular spaces was still observed in 10/30 blocks analysed from 4 cows at Days 14, 18, 19 and 21. However, this transepithelial transport was less frequently observed in tissues from the 2 inseminated but non-pregnant animals (at Day 22 in one; Day 2 of the subsequent cycle in the other) and from one cyclic cow at Day 20 (2/10,0/5 and 1/7 blocks observed, respectively). Effect ofprogesterone treatment The ranges of progesterone concentrations in daily plasma samples after PRID insertion (Group 3) were 13-4-32-6 ng/ml and 6-7-19-0 ng/ml respectively for the 2 animals hysterectomized on Day 21, and 15-9-25-2 ng/ml for the animal hysterectomized on Day 22. In these animals the horseradish peroxidase was observed in the same types of endocytotic vesicles and organdies as in untreated animals (Groups 1 and 2). The tracer was also present in the intercellular spaces and in the stroma.
Discussion
These results indicate that uterine epithelial cells of the cow have endocytotic properties during the early stages of gestation and during the oestrous cycle. Intraluminally-injected material can be absorbed by fluid-phase endocytosis. After endocytosis some of the ingested material is evidently transported to the lysosomal system while some is chanelled to the uterine stroma via the inter¬ cellular space after fusion of the endocytotic vesicles with the lateral membrane of the cell. Similar results were obtained in a previous study of the pregnant ewe, when using ferritin and horseradish peroxidase as tracers (Guillomot, 1979; Guillomot, Flection & Wintenberger-Torres, 1981a ).
The presence of intraluminal tracer in the uterine stroma has also been described for the rat (Sartor, 1969; Vokaer & Leroy, 1962; Abe, Takahashi & Masaki, 1981) . However, contradictory observations have been reported by Leroy, VanHoeck & Bogaert (1976) and by Parr & Parr (1978) who found no evidence of exocytosis of the tracer at the base of the epithelial cells. Leroy et al. (1976) pointed out that this discrepancy could, in their case, have been due to different experi¬ mental conditions, whereas Parr & Parr (1978) suggested that the previous observations may have been due to an uptake of luminal material by macrophages. In the present study it is clear that the transport of the tracer was via a transepithelial pathway and was not mediated by macrophages. Moreover, the transepithelial route evidently does not involve mere passive diffusion through dead cells because the presence of horseradish peroxidase within these is not associated with its presence beneath their adjacent basal lamina or within neighbouring intercellular spaces. In the rat, Enders & Nelson (1973) also reported passage of horseradish peroxidase and ferritin into the intercellular spaces after injection into the uterine lumen, but only occasionally, and after prolonged exposure to the tracer. A reverse transepithelial transport of horseradish peroxidase from the uterine stroma to the lumen has been described after intravenous injection of the tracer (Parr, 1980b) .
Although no statistical analysis was used in the present study, the transepithelial transport of horseradish peroxidase was observed more frequently in animals with high plasma concentrations of progesterone ( > 3 ng/ml) (whether pregnant, cyclic or PRID-treated) than in the only 3 animals in which plasma progesterone concentrations were < 1-5 ng/ml (whether cyclic or inseminated but not pregnant). The suggestion that progesterone could control the endocytotic activity of the uterine epithelium and/or the movements of the endocytotic vesicles within the cells is supported by previous studies in the rat, as endocytosis is observed at Day 5 of pregnancy and during pseudopregnancy but not in cyclic animals (Vokaer, 1952; Vokaer & Leroy, 1962) . In ovariectomized rats, uterine epithelial endocytosis is at least enhanced by (Leroy et al., 1976) , and probably depends upon (Parr, 1983) , treatment with progesterone.
It has been suggested by Parr & Parr (1982) that the cytoplasmic protrusions previously described on the cell surface of the rabbit endometrium were mostly artefactual and due to immer¬ sion fixation. This seems unlikely because the protrusions have also been observed by others after perfusion fixation (Segalen, Lescoat & Chambón, 1982; Lescoat, 1983) . In our previous studies of the ewe we also used a perfusion fixation of the uterine horns and we still observed these apical pro¬ trusions on the epithelial cells (Guillomot et al., 1981b) . The cytoplasmic protrusions seen in this, and a previous study (Guillomot & Guay, 1982) , did not present the typical large vacuoles described in the pinopods of rodents (Enders & Nelson, 1973; Parr & Parr, 1974 . In the present study, only a few cytoplasmic vesicles containing the tracer were observed in the pro¬ trusions and most of the apical vesicles were free of horseradish peroxidase. This suggests that the protrusions could be mainly involved in secretory activity rather than in pinocytosis. Similarly, in the rabbit, no evidence of endocytotic activity could be demonstrated in analogous structures of the endometrial cells (Segalen, 1979; Parr & Parr, 1982) . (Kalina & Robinovitch, 1975; Silverstein, Steinman & Cohn, 1977; Farquhar, 1978) . It has also been suggested that these clear vesicles originate from the Golgi complex and could be associated with the recycling of the plasma membrane concomitantly with endocytosis (Parr, 1980a) .
One can only speculate on the importance of endocytosis in the process of implantation, although various roles for the process have been suggested (see Enders & Nelson, 1973; Parr, 1980a, b) . The results presented here show that, in the cow, horseradish peroxidase (and, by implication, other non-hydrolysed macromolecules) can enter the cell by endocytosis and reach the uterine stroma near the time of conceptus attachment. The possible significance of this to our understanding of trophoblast-endometrial relationships, the conveyance of embryonic signals, and maternal recognition of pregnancy in cattle remains to be determined.
